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Summary. In this study we investigated apoptosis and 
the expression of caspases 3, 6 and 8 and bcl-2, mcl-l 
and bax in 39 gallbladder carcinomas and 7 epithelia1 
dysplasias. The average apoptotic index was 
0.68+0.91%. The extent of apoptosis was higher in grade 
11-111 than grade I tumours or epithelial dysplasias 
(p=0.003). Also, tumours invading beyond serosa or into 
other organs (T3-T4) had a higher apoptotic index than 
other tumours (p=0.05). Caspase 3 expression was found 
in 37 (95%) and caspase 6 and 8 expression each in 30 
(77%) carcinomas. Their expression associated with 
each other and tended to increase along with the 
progression of the lesions. Bcl-2 expression was found 
in only 4 (10%) tumours. In contrast, mcl-l positivity 
was found in 34 (87%) and bax positivity in all cases. 
The results show that apoptosis is increased along with 
progression of the neoplastic lesion of the gallbladder 
epithelium. Caspases 3 ,6  and 8 are strongly expressed in 
gallbladder carcinomas suggesting that they contribute to 
the increased apoptosis observed in them. Of the bcl-2 
family proteins, bcl-2 was expressed infrequently 
suggesting that it does not play any significant role in 
apoptosis inhibition in gallbladder tumours. 
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Introduction 
Apoptosis is a biochemically regulated cell death 
program defined by characteristic morphological and 
biochemical changes (Kerr et al., 1994; White, 1996; 
Yang and Korsmeyer, 1996; Kroemer, 1997). Unlike 
necrosis it usually involves scattered cells with no 
associated inflammation (Kerr et al., 1994). The onset of 
apoptosis is characterised by nuclear shrinkage, 
compaction and segregation of chromatin against the 
nuclear envelope and condensation of the cytoplasm 
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followed by nuclear fragmentation into several 
membrane-bound apoptotic bodies (Kerr et al., 1994). 
Apoptotic cells or bodies are then phagocytized by 
adjacent macrophages or parenchyma1 cells (Kerr et al., 
1994). 
Biochemically, apoptosis is  characterised by 
fragmentation of DNA into periodical 180 bp fragments 
which can be detected in DNA electrophoresis as a 
typical ladder pattern (Kerr et al., 1994). The DNA 
fragmentation and nuclear destruction is caused by 
caspases (Alnemri et al., 1996; Soini et al., 1998a; 
Thornberry and Lazebmik, 1998) These are proteolytic 
enzymes which are able to cleave proteins with a 
consensus sequence at aspartatic acid-alanine residues 
(Thornberry et al., 1994; Alnemri et al, 1996; Patel et al., 
1996; Barge et al., 1997; Harvey et al., 1997; Thornberry 
and Lazebnik, 1998). Currently, at least 13  different 
caspases are known in mammalian cells (Thornberry and 
Lazebnik, 1998). They reside in the cytosol as inactive 
forms and need to be activated in order to perform their 
function (Thornberry et al., 1994; Harvey et al., 1997; 
Thornberry and Lazebnik, 1998). Cleavage of the 
aminoterminal portion followed by fragmentation of the 
rest of the molecule into 10 and 20 kDa fragments leads 
to their autocatalytic activation (Thornberry et al., 1994; 
Thornberry and Lazebnik, 1998). In addition to 
activating themselves, activated caspases are also able to 
cleave several other proteins (Patel et al., 1996). These 
include enzymes of the DNA repair system, such as 
poly(ADP-ribose)-polymerase, many structural proteins 
such as nuclear lamins, fodrin, B-katenin, cytokeratin 18 
and some oncoproteins such as retinoblastoma protein 
and mdm2 (Patel et al., 1996; Rao et al., 1996; 
Brancolini et al., 1997; Caulin et al., 1997; Chen et al., 
1997; Tan et al., 1997). Caspases may be activated 
directly from the cell membrane through ligand binding 
of TNF receptors such as APOlIFAS (Muzio et al., 
1996; Nagata, 1997). Binding of APOlFAS receptor to 
its FAS ligand leads to oligomerization of the receptor 
and to formation of the death-inducing signalling 
complex including the receptor, FADDIMORTI and 
procaspase 8 (FLICE) (Muzio et al., 1996; Nagata, 
1997). 







